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(57) ABSTRACT

In a vehicle including a charge circuit for carrying out exter-
nal charging to charge a vehicle-mounted battery with a
power supply external to the vehicle, a vehicle ECU. deter-
mines that there is an impedance error when a state where a
reduction width of an input voltage Vin applied to the charge
circuit from the power supply external to the vehicle is
exceeding a threshold width AV continues for a predeter-
mined time, and outputs a first termination instruction to a
charger ECU. The charger ECU receiving the first termina-
tion instruction causes the charge circuit to stop to terminate
external charging. The charger ECU controls the charge cir-
cuit such that, when the input voltage Vin falls down to a
threshold voltage V1 the current flowing through an external
power supply system is reduced to suppress further reduction
in the input voltage Vin.

6 Claims, 6 Drawing Sheets
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CONTROL DEVICE FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a National Stage of International Application No.
PCT/IP2011/059723, filed Apr. 20, 2011, the contents of all
of'which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to control of a vehicle includ-
ing a charge circuit for carrying out external charging in
which a vehicle-mounted power storage device is charged
with electric power from a power supply external to the
vehicle.

BACKGROUND ART

Japanese Patent Laying-Open No. 2010-220299 (PTL 1)
discloses a vehicle including a charge circuit for carrying out
external charging in which a vehicle-mounted power storage
device is charged with electric power from a power supply
external to the vehicle, directed to the technique of estimating
the impedance at a charge path based on an amount of reduc-
tion of voltage input to the charge circuit (hereinafter, also
simply referred to as “input voltage™) from a power supply
during external charging, and stopping the external charging
when an erroneous state of the estimated impedance exceed-
ing a reference value occurs.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Laying-Open No. 2010-220299
PTL 2: Japanese Patent Laying-Open No. 2010-142088
PTL 3: Japanese Patent Laying-Open No. 7-123599

SUMMARY OF INVENTION
Technical Problem

If the amount of reduction in input voltage caused by
increase in impedance at the charge path is great, there may be
the case where the input voltage becomes lower than the
lower limit value of the operating voltage of the charge circuit
during external charging to cause the charge circuit to be
disabled. If current does not flow to the charge path due to
such operation of the charge circuit being stopped, the input
voltage will not drop and will return to the normal value even
when the impedance at the charge path is high. Therefore,
there is a possibility of not being able to properly determine
an impedance error based on the amount of reduction in the
input voltage.

In view of the foregoing, an object of the present invention
is to determine accurately an impedance error at a charge path
based on the amount of reduction in the input voltage applied
to a charge circuit from a power supply external to a vehicle.

Solution to Problem

A control device according to the present invention con-
trols a vehicle including a power storage device, and a charge
circuit for carrying out external charging in which the power
storage device is charged with a power supply external to the
vehicle. The charge circuit stops when an input voltage
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applied to the charge circuit from the power supply drops to
become lower than a lower limit voltage value at which the
charge circuit can operate. The control device includes a
suppression unit executing suppression control for suppress-
ing a drop of the input voltage before the input voltage
becomes lower than the lower limit voltage value during
external charging, and a first charge termination unit deter-
mining whether an impedance error is occurring at the charge
path based on a reduction width of the input voltage during
external charging, and terminating external charging when a
determination is made that an impedance error is occurring.

Preferably, the suppression control is directed to reducing
the current flowing through the charge path when the input
voltage drops down to a threshold voltage higher than the
lower limit voltage value during external charging.

Preferably, the first charge termination unit determines that
animpedance error is occurring when a state where the reduc-
tion width of the input voltage is exceeding a threshold width
continues for a predetermined time during external charging.

Preferably, the charge circuit is activated when the input
voltage returns to a level greater than or equal to the lower
limit voltage value. The control device further includes a
second charge termination unit determining that there is an
impedance error, when stopping and activation of the charge
circuit are repeated, to terminate external charging.

Preferably, the second charge termination unit determines
that there is an impedance error, when the input voltage is
reduced during external charging and a count of the charge
circuit stopping within a predetermined time starting from
reduction in the input voltage exceeds a predetermined count,
to terminate external charging.

Preferably, the control device further includes a notifica-
tion unit notifying the user about the impedance error.

A control device according to another aspect of the present
invention controls a vehicle including a power storage device
and a charge circuit for carrying out external charging in
which the power storage device is charged with a power
supply external to the vehicle. The charge circuit stops when
the input voltage applied to the charge circuit from the power
supply drops to become lower than a lower limit voltage value
at which the charge circuit can operate, and is activated when
the input voltage returns to a level greater than or equal to the
lower limit voltage value. The control device includes a moni-
tor unit monitoring a state of the charge circuit, and a charge
termination unit determining that there is an impedance error
at the charge path, when activation and stopping of the charge
circuit are repeated, to terminate external charging.

Preferably, the charge termination unit determines that
there is an impedance error, when the input voltage is reduced
during external charging and a count of the charge circuit
stopping within a predetermined time starting from reduction
in the input voltage exceeds a predetermined count, to termi-
nate external charging.

Advantageous Effects of Invention

According to the present invention, an impedance error at
a charge path can be determined accurately based on the
amount of reduction in an input voltage applied to a charge
circuit from a power supply external to a vehicle.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an entire block diagram of a vehicle.
FIG. 2 is a functional block diagram of a vehicle ECU and
a charger ECU.
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FIG. 3 is a first flowchart representing the processing pro-
cedure of the vehicle ECU and the charger ECU.

FIG. 4 is a first diagram representing temporal change in
input voltage Vin.

FIG. 5 is a second flowchart representing the processing
procedure of the vehicle ECU and the charger ECU.

FIG. 6 is a second diagram representing temporal change in
input voltage Vin.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described in
detail hereinafter with reference to the drawings. In the draw-
ings, the same or corresponding elements have the same
reference characters allotted, and description thereof will not
be repeated.

FIG. 1 is an entire block diagram of a vehicle 1 according
to an embodiment of the present invention. Vehicle 1 is the
so-called plug-in hybrid vehicle. Referring to FIG. 1, hybrid
vehicle 1 includes an engine 10, a first MG (Motor Generator)
20, a second MG 30, a power split device 40, a reduction gear
50, a PCU (Power Control Unit) 60, a battery 70, a driving
wheel 80, and a vehicle ECU (Electronic Control Unit) 300.
Vehicle 1 further includes a charger 100 and a charge port
110.

Engine 10, first MG 20 and second MG 30 are coupled to
power split device 40. Vehicle 1 runs by the driving force
output from at least one of engine 10 and second MG 30. The
power generated from engine 10 is divided into two paths by
power splitdevice 40, i.e. one which leads to driving wheel 80
via reduction gear 50, and the other which leads to first MG
20.

First MG 20 and second MG 30 are AC electric motors such
as 3-phase AC synchronous electric motors. First MG 20 and
second MG 30 are driven by PCU 60.

First MG 20 generates power using the power of engine 10
divided by power split device 40. The electric power gener-
ated by first MG 20 is converted into direct current from
alternating current by PCU 60 to be stored in battery 70.

Second MG 30 generates the driving force using at least
one of the electric power stored in battery 70 and the electric
power generated by first MG 20. The driving force of second
MG 30 is transmitted to driving wheel 80 via reduction gear
50.

In abraking operation or the like of the vehicle, second MG
30 is driven by the driving wheel 80 via reduction gear 50 to
operate as a power generator. Accordingly, second MG 30
also functions as a regenerative brake converting the kinetic
energy of the vehicle into electric power. The electric power
generated by second MG 30 is stored in battery 70.

Power split device 40 is formed of a planetary gear includ-
ing a sun gear, a pinion gear, a carrier, and a ring gear. The
pinion gear engages with the sun gear and the ring gear. The
carrier supports the pinion gear so as to be able to rotate about
its own axis, and is coupled to the crankshaft of engine 10.
The sun gear is coupled to the rotational shaft of first MG 20.
The ring gear is coupled to the rotational shaft of second MG
30 and reduction gear 50.

PCU 60 receives the electric power from battery 70 to drive
first MG 20 and second MG 30 based on a control signal from
vehicle ECU 300. Based on the control signal from vehicle
ECU 300, PCU 60 converts the AC power generated by first
MG 20 and/or second MG 30 into DC power for output to
battery 70.

Battery 70 is arechargeable DC power supply, for example,
a secondary battery such as of nickel-metal hydrogen, lithium
ions, or the like. The voltage of battery 70 is approximately
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200V, for example. Battery 70 stores, in addition to the elec-
tric power generated by first MG 20 and second MG 30, the
electric power supplied from an external power supply 210, as
will be described afterwards. A capacitor of large capacitance
may also be employed as battery 70.

Charge port 110 is an electric power interface for receiving
the AC power of external power supply 210 (hereinafter,
referred to as “external power”). Charge port 110 is config-
ured to allow connection of a connector 200 of external power
supply 210.

Charger 100 includes a charge circuit 101 and a charger
ECU 400. Charge circuit 101 is electrically connected to
charge port 110 and battery 70. Charge circuit 101 is config-
ured including a switching element or the like controlled by
charger ECU 400. Charger ECU 400 carries out communica-
tion with vehicle ECU 300 to control the operation of charge
circuit 101 such that the external power (AC power) is con-
verted into DC power corresponding to the type suitable for
charging battery 70 and then output to battery 70. Hereinafter,
charging battery 70 with external power is also referred to as
“external charging”.

The voltage of the external power applied to charge circuit
101 (hereinafter, simply referred to as “input voltage Vin) is
detected by voltage sensor 120. Voltage sensor 120 outputs
the detected value of input voltage Vin to vehicle ECU 300
and charger ECU 400.

Charge circuit 101 is configured to stop when input voltage
Vin becomes lower than a lower limit value of voltage that
allows charge circuit 101 to operate (hereinafter, simply
referred to as “operation lower limit value Vmin™). In the
following, the stopping of charge circuit 101 in response to
input voltage Vin becoming lower than operation lower limit
value Vmin is also referred to as “forced stop”. Charge circuit
101 is configured to be reactivated when input voltage Vin
returns to a level greater than or equal to operation lower limit
value Vmin. Such function of forced stopping and reactiva-
tion may be realized by hardware (for example, a dedicated
electronic circuit provided at charge circuit 101), or by soft-
ware (dedicated control by charger ECU 400).

Vehicle ECU 300 incorporates a CPU (Central Processing
Unit) and a memory not shown to generate and provide to
each device an instruction signal for controlling each device
based on the information stored in the memory and the infor-
mation from each sensor.

Charger ECU 400 controls charge circuit 101 based on an
instruction signal from vehicle ECU 300. Although vehicle
ECU 300 and charger ECU 400 are divided as separate units
in FIG. 1, they may be integrated into one unit.

During external charging at vehicle 1 having the configu-
ration set forth above, operation of charge circuit 101 under a
state where the external power supply system (the path from
external power supply 210 up to charger 100 in the external
charge path) has a section where connection is insufficient or
a section likely to be disconnected will cause voltage drop by
the impedance increase at such sections. If this width of
voltage drop is so great that input voltage Vin becomes lower
than operation lower limit value Vmin, charge circuit 101 will
repeat stopping and activation. Specifically, if input voltage
Vinbecomes lower than operation lower limit value Vmin and
charge circuit 101 is forced to stop, current will no longer flow
to the external power supply system, so that the voltage drop
is resolved. Therefore, input voltage Vin returns to the normal
value. Accordingly, input voltage Vin exceeds operation
lower limit value Vmin to cause reactivation of charge circuit
101. By this reactivation, voltage drop caused by impedance
increase occurs, so that input voltage Vin will become lower
than operation lower limit value Vmin to cause charge circuit
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101 to be forced to stop again. When such hunting of stopping
and activation being repeated occurs, the state where the drop
of input voltage Vin caused by an impedance error continues
cannot be determined accurately.

Even in the case where the width of voltage drop is small
and the aforementioned hunting does not occur, the continu-
ing flow of current to the external power supply system will
cause electric power that is proportional to the electric resis-
tance and the square of the flowing current to be continuously
consumed at the impedance increased section to cause gen-
eration of heat.

To solve these problems, the control device of the present
embodiment carries out “first termination control” in which
an impedance error is determined to terminate external charg-
ing when the state where the reduction width of input voltage
Vin is exceeding a threshold value AV continues for a prede-
termined time. By this first termination control, current will
no longer flow to the external power supply system, so that the
heat generation at the impedance increased section is sup-
pressed.

Further, the control device of the present embodiment car-
ries out “current reduction control” in which charge circuit
101 is controlled such that the current flowing through the
external power supply system is reduced when input voltage
Vin falls down to a threshold voltage V1 that is higher than
operation lower limit value Vmin by just a predetermined
value. By carrying out the current reduction control, the cur-
rent flowing through the external power supply system is
reduced than that flowing before current reduction control is
carried out to allow the width of the voltage drop at the
impedance increased section to be reduced. Thus, the afore-
mentioned hunting due to a sudden reduction in input voltage
Vin can be avoided to ensure the time required for the first
termination control.

Furthermore, in the case where hunting occurs due to “cur-
rent reduction control” being disabled due to some cause, or
when input voltage Vin cannot be detected due to an error or
the like at voltage sensor 120, “first termination control” will
not be carried out properly. In order to suppress heat genera-
tion at the impedance increased section even under such cir-
cumstances, the control device of the present embodiment
carries out “second termination control” in which an imped-
ance error is determined to terminate external charging when
stopping and activation of charger 100 are repeated.

The present invention is characterized mainly in the execu-
tion of “first termination control”, “current reduction control”
and “second termination control”. The following description
is based on an exemplary case where “first termination con-
trol” and “second termination control” are carried out at
vehicle ECU 300, and “current reduction control” is carried
out at charger ECU 400.

FIG. 2 is a functional block diagram of vehicle ECU 300
and charger ECU 400 that are the control device of the present
invention. Each functional block of FIG. 2 may be realized by
hardware, or by software.

Vehicle ECU 300 includes a start instruction unit 310, a
first termination instruction unit 320, a second termination
instruction unit 330, and a notification unit 340. Charger ECU
400 includes an instruction execution unit 410, a current
reduction control unit 420, and a state monitor unit 430.

When an external charging start condition including the
condition of connector 200 being connected to charge port
110 is satisfied, start instruction unit 310 outputs an external
charging start instruction to instruction execution unit 410.
Instruction execution unit 410 receiving the external charging
start instruction causes charge circuit 101 to operate to start
external charging.
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First termination instruction unit 320 monitors a reduction
width (=Vin-Vsl) of input voltage Vin from input voltage
Vin immediately preceding the start of external charging
(hereinafter, referred to as “start voltage Vs”), and determines
that there is an impedance error when the state where the
reduction width is exceeding a threshold width AV continues
for a predetermined time to output the first termination
instruction to instruction execution unit 410. Instruction
execution unit 410 receiving the first termination instruction
causes charge circuit 101 to stop to terminate external charg-
ing. Such series of control is the aforementioned “first termi-
nation control”.

When input voltage Vin is reduced during external charg-
ing, second termination instruction unit 330 counts the num-
ber of times charge circuit 101 has stopped within a predeter-
mined time starting from reduction in input voltage Vin, as the
hunting count, based on a state signal from state monitor unit
430. When the hunting count exceeds a predetermined count,
a determination is made that there is an impedance error, and
a second termination instruction is output to instruction
execution unit 410. Instruction execution unit 410 receiving
the second termination instruction causes charge circuit 101
to stop to terminate external charging. Such series of control
is the aforementioned “second termination control”.

When first termination instruction unit 320 or second ter-
mination instruction unit 330 determines that there is an
impedance error, notification unit 340 records that impedance
error in a memory and notifies the user about the impedance
error by displaying the recorded result at a display device not
shown.

Instruction execution unit 410 controls charge circuit 101
according to each instruction from start instruction unit 310,
first termination instruction unit 320, and second termination
instruction unit 330, as set forth above.

Current reduction control unit 420 carries out the afore-
mentioned “current reduction control”. Specifically, current
reduction control unit 420 monitors whether input voltage
Vin has dropped down to a threshold voltage V1 that is higher
than operation lower limit value Vmin by just a predeter-
mined value, and controls charge circuit 101 such that, when
input voltage Vin falls down to threshold voltage V1, the
current flowing through the external power supply system is
reduced to suppress further dropping of input voltage Vin. At
this stage, current reduction control unit 420 carries out feed-
back control such that input voltage Vin during current reduc-
tion control is maintained in the vicinity of, for example,
threshold voltage V1.

The executing time for current reduction control is limited
to a constant period of time where first termination instruction
unit 320 can determine that there is an impedance error.
Specifically, in the case where first termination instruction
unit 320 does not output a first termination instruction even
when a constant period of time has elapsed from the start of
current reduction control, current reduction control unit 420
causes charge circuit 101 to stop to terminate external charg-
ing. Thus, heat generation at the impedance increased section
is suppressed even in the case where the “first termination
control” is not carried out properly due to some cause.

State monitor unit 430 monitors the state of charge circuit
101 (operation and stop), and outputs a state signal indicating
the monitored result to second termination instruction unit
330 and current reduction control unit 420.

FIG. 3 is a flowchart of the processing procedure of vehicle
ECU 300 and charger ECU 400 in the case where the afore-
mentioned “first termination control” and “current reduction
control” are executed. The flowchart of FIG. 3 is initiated
when the external charging start condition is satisfied.
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First, the processing procedure of vehicle ECU 300 will be
described. At step (hereinafter, step is abbreviated as “S™) 10,
vehicle ECU 300 obtains and stores a start voltage Vs (input
voltage Vinimmediately preceding the start of external charg-
ing).

At S11, vehicle ECU 300 outputs a charging start instruc-
tion to charger ECU 400. At S12, vehicle ECU 300 obtains
input voltage Vin.

At S13, vehicle ECU 300 determines whether a reduction
width (=IVin-Vsl) of input voltage Vin from that immedi-
ately preceding the start of external charging exceeds thresh-
old width AV or not. When the reduction width does not
exceed threshold width AV (NO at S13), control returns to
S12. In the case where the width exceeds threshold width AV
(YES at S13), control proceeds to S14.

At S14, vehicle ECU 300 determines whether the state of
[Vin-VsI>AV has continued for a predetermined time. At
S15, vehicle ECU 300 determines whether input voltage Vin
has become lower than threshold voltage V1.

When the state of |Vin—-VsI>AV continues for the prede-
termined time (YES at S14), vehicle ECU 300 proceeds to
S16. An impedance error is determined, and the first termi-
nation instruction is output to charger ECU 400.

In the case where input voltage Vin becomes lower than a
predetermined voltage V2 (YES at S15) even when the state
of [Vin-Vs/>AV has not continued for the predetermined
time (NO at S14), vehicle ECU 300 proceeds to S16. An
impedance error is determined, and the first termination
instruction is output to charger ECU 400. Predetermined volt-
age V2 is set to a value higher than operation lower limit value
Vmin and lower than threshold voltage V1.

When the state of |Vin-Vs[>AV has not continued for the
predetermined time (NO at S14) and input voltage Vin is not
lower than threshold voltage V1 (NO at S15), vehicle ECU
300 returns the control to S12.

Following the determination of an impedance error at S16,
vehicle ECU 300 proceeds to S17 to record and notify the user
about an impedance error.

Next, the processing procedure of charger ECU 400 will be
described hereinafter. Upon receiving a charging start
instruction from vehicle ECU 300, charger ECU 400 causes
charge circuit 101 to operate to start external charging at S20.
At 821, charger ECU 400 obtains input voltage Vin.

At S22, charger ECU 400 determines whether input volt-
age Vin has become lower than threshold voltage V1. Thresh-
old voltage V1 is set to a value higher than operation lower
limit value Vmin by just a predetermined value, as set forth
above.

When input voltage Vin has not dropped down to threshold
voltage V1 (NO at S22), charger ECU 400 determines
whether the first termination instruction has been received
from vehicle ECU 300 at S27. In the case where the first
termination instruction is received (YES at S27), charger
ECU 400 proceeds to S26 to cause charge circuit 101 to stop
to terminate external charging. In contrast, when the first
termination instruction is not received (NO at S27), charger
ECU 400 returns to S21.

When input voltage Vin has dropped to threshold voltage
V1 (YES at S22), charger ECU 400 carries out the aforemen-
tioned current reduction control at S23.

At S24, charger ECU 400 determines whether the constant
period of time has elapsed from the start of current reduction
control.

When the constant period of time has not elapsed from the
start of the current reduction control (NO at S24), charger
ECU 400 proceeds to S25 to determine whether the first
termination instruction is received from vehicle ECU 300.
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When the first termination instruction is received (YES at
S25), charger ECU 400 proceeds to S26 to terminate external
charging according to the first termination instruction. In
contrast, when the first termination instruction is not received
(NO at S25), charger ECU 400 returns to S23 to continue the
current reduction control.

In the case where the first termination instruction has not
been received even when the constant period of time has
elapsed from the start of current reduction control (YES at
S24), charger ECU 400 proceeds to S28 to directly stop
charge circuit 101 to terminate external charging.

FIG. 4 represents the temporal change in input voltage Vin
when the current reduction control and the first termination
control are executed. When external charging is started at
time t1, input voltage Vin will begin to drop when there is an
impedance increased section in the external charging system.
Even in such a case, current reduction control is executed at
time t2 where input voltage Vin becomes as low as threshold
voltage V1 (that is, before input voltage Vin becomes lower
than operation lower limit value Vmin) to suppress further
reduction of input voltage Vin in the present embodiment.
Therefore, the event of input voltage Vin becoming lower
than operation lower limit value Vmin prior to a determina-
tion of an impedance error by the first termination control
(refer to chain dotted line) to force charge circuit 101 to be
stopped can be avoided. Thus, by executing current reduction
control before input voltage Vin becomes lower than opera-
tion lower limit value Vmin during external charging, the
impedance error determination time by the first termination
control can be ensured.

When a determination is made that the state of Vin—
Vs|<AV has continued for the predetermined time by the first
termination control at time t3, an impedance error is deter-
mined, and charger 100 is stopped by the first termination
control. Therefore, no current flows to the external power
supply system any longer, so that heat generation at the
impedance increased section is suppressed.

FIG. 5 is a flowchart of the processing procedure of vehicle
ECU 300 and charger ECU 400 when the aforementioned
“second termination control” is executed. The flowchart of
FIG. 5 is executed at a predetermined cycle during external
charging.

First, the processing procedure of vehicle ECU 300 will be
described. At S30, vehicle ECU 300 determines whether
input voltage Vin has been reduced during external charging.
When input voltage Vin has not been reduced (NO at S30), the
process ends.

When input voltage Vin has been reduced (YES at S30),
vehicle ECU 300 proceeds to S31 to determine whether
charge circuit 101 has been stopped or not within a constant
period of time starting from reduction in input voltage Vin
based on a state signal from charger ECU 400. When charge
circuit 101 has not been stopped within the constant period of
time starting from the reduction in input voltage Vin (NO at
S31), the process ends.

When charge circuit 101 has been stopped within the con-
stant period of time starting from the reduction in input volt-
age Vin (YES at S31), vehicle ECU 300 determines a forced
stop of charge circuit 101 caused by input voltage Vin becom-
ing lower than operation lower limit value Vmin due to an
impedance error, and increments the hunting counter C by 1.
The hunting counter C has an initial value of zero.

At S33, vehicle ECU 300 determines whether hunting
counter C has exceeded a predetermined count. When hunt-
ing counter C has not exceeded the predetermined count (NO
at S33), the process ends.
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When hunting counter C exceeds the predetermined count
(YES at S33), vehicle ECU 300 determines that there is an
impedance error at S34 to output the first termination instruc-
tion to charger ECU 400.

Following the determination of an impedance error at S34,
vehicle ECU 300 proceeds to S35 to record and notifies the
user about the impedance error.

Next, the processing procedure of charger ECU 400 will be
described. At S40, charger ECU 400 outputs a state signal
indicating the state of charge circuit 101 (operation and stop)
to vehicle ECU 300. At S41, charger ECU 400 terminates
external charging according to the second termination
instruction.

FIG. 6 represents the temporal change in input voltage Vin
when the second termination control is executed. Upon initi-
ating external charging at time t1 1, input voltage Vin begins to
be reduced when there is an impedance increased section in
the external charging system. When the above-described
“current reduction control” is disabled due to some cause at
this stage, input voltage Vin is further reduced to become
lower than operation lower limit value Vmin at time t12,
causing charge circuit 101 to stop. Accordingly, current no
longer flows to the external charging system, so that input
voltage Vin returns to the normal value. Therefore, charge
circuit 101 is reactivated. By this reactivation, input voltage
Vin becomes lower than operation lower limit value Vmin at
time t13 again to cause charge circuit 101 to stop again.

Vehicle ECU 300 counts the number of times charge circuit
101 is forced to stop as hunting counter C, and determines that
there is an impedance error at time t15 at which hunting
counter C exceeds the predetermined count, causing charger
100 to stop by the second termination control. Therefore, heat
generation at the impedance increased section can be sup-
pressed even when the “current reduction control” is disabled
by some cause and “first termination control” cannot be
executed properly.

Thus, the control device according to the present invention
carries out “first termination control” in which, when the state
where the reduction width of input voltage Vin is exceeding
threshold width AV continues for a predetermined time dur-
ing external charging, a determination is made that there is an
impedance error to terminate external charging. At this stage,
in order to ensure the period of time for carrying out the first
termination control, the control device of the present embodi-
ment carries out “current reduction control” in which the
current flowing through the external power supply system is
reduced at the point in time when input voltage Vin drops
down to threshold voltage V1 that is higher than operation
lower limit value Vmin by just a predetermined value (before
input voltage Vin becomes lower than operation lower limit
value Vmin). Thus, the impedance error determination time
for the first termination control can be ensured by this current
reduction control. Thus, an impedance error in the external
power supply system can be determined accurately based on
the amount of reduction in input voltage Vin to terminate
external charging, allowing heat generation at the impedance
increased section to be suppressed appropriately.

It should be understood that the embodiments disclosed
herein are illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the terms of the
claims, rather than the description of the embodiments set
forth above, and is intended to include any modifications
within the scope and meaning equivalent to the terms of the
claims.

REFERENCE SIGNS LIST

1 vehicle; 10 engine; 20 first MG; 30 second MG 40 power
split device; 50 reduction gear; 70 battery; 80 driving wheel;
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100 charger; 101 charge circuit; 110 charge port; 120 voltage
sensor; 200 connector; 210 external power supply; 300
vehicle ECU; 310 start instruction unit; 320 first termination
instruction unit; 330 second termination instruction unit; 340
notification unit; 400 charger ECU; 410 instruction execution
unit; 420 current reduction control unit; 430 state monitor
unit.

The invention claimed is:

1. A control device for a vehicle including a power storage
device and a charge circuit for carrying out external charging
in which said power storage device is charged with a power
supply external to the vehicle, said charge circuit being
stopped when an input voltage applied to said charge circuit
from said power supply drops to become lower than a lower
limit voltage value at which said charge circuit can operate,

said control device comprising:
a suppression unit executing suppression control for sup-
pressing a drop of said input voltage before said input
voltage becomes lower than said lower limit voltage
value during said external charging, and
a first charge termination unit determining whether an
impedance error is occurring at a charge path based on a
reduction width of said input voltage during said exter-
nal charging, and terminating said external charging
when a determination is made that said impedance error
is occurring,
said first charge termination unit determining that said
impedance error is occurring when a state where the
reduction width of said input voltage is exceeding a
threshold width continues during said external charg-
ing, and

said suppression unit executing said suppression control
for a predetermined time during which said first
charge termination unit can determine that said
impedance error is occurring.

2. The control device for a vehicle according to claim 1,
wherein said suppression control includes control to reduce
current flowing through said charge path when said input
voltage drops down to a threshold voltage higher than said
lower limit voltage value during said external charging.

3. The control device for a vehicle according to claim 1,
wherein

said suppressing unit terminates said external charging
when said external charging is not terminated by said
first charge termination unit even after said predeter-
mined time has elapsed from the start of said suppres-
sion control.

4. The control device for a vehicle according to claim 1,
wherein said charge circuit is activated when said input volt-
age returns to a level greater than or equal to said lower limit
voltage value,

said control device further comprising a second charge
termination unit determining that there is said imped-
ance error to terminate said external charging when stop-
ping and activation of said charge circuit are repeated.

5. The control device for a vehicle according to claim 4,
wherein said second charge termination unit determines that
there is said impedance error to terminate said external charg-
ing when said input voltage is reduced during said external
charging and a count of said charge circuit stopping within a
predetermined time starting from reduction in said input volt-
age exceeds a predetermined count.

6. The control device for a vehicle according to claim 1,
further comprising a notification unit notifying a user about
said impedance error.
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